] in G4 on Pt WE; (bottom) first CV scan of 0.45 M 2 [Mg 2+ ] in G4 on various WEs at 20 mV s À1 (inset -enlargement of 2.0 to 4.5 V region of the anodic scan depicting the oxidative onset potentials).
] with elemental Mg yields the novel magnesium electrolyte [Mg 2+ ][HCB 9 H 9 1À ] 2 . The electrolyte displays excellent electrochemical stability, is non-nucleophilic, reversibly deposits and strips Mg, and is halide free. This discovery paves the way for the development of libraries of Mg electrolytes based on more cost effective 10-vertex closo-carborane anions.
Due to rapid technological advances in rechargeable portable devices and electric vehicles, there is an urgent need to develop rechargeable batteries that are safer and have greater energy density compared to the current state-of-the-art Li-ion cells. 1 Furthermore, because the cells constructed with pure Li metal are inherently unsafe due to dendrite formation, alternative anode materials are of great interest.
Mg-based batteries 2 are a potentially game changing alternative to Li-ion systems because Mg is far less expensive, more tolerant of air, and does not form dendrites. The fact that Mg does not form dendrites allows the utilization of pure Mg anodes, which significantly increases both the volumetric and gravimetric energy densities of Mg-cells compared to Li-ion batteries. To realize high energy density Mg-cells appropriate cathode materials must be identified. However, the discovery of such cathode materials has been hampered by the lack of suitable electrolytes that facilitate the electrochemical oxidation and reduction reactions. ], which uses a precious metal and results in a material that is difficult to purify, we developed a superior method, namely cation reduction. As depicted in Scheme 1, this cation reduction methodology utilizes magnesium metal to reduce trimethylammonium cations to produce 1 [Mg 2+ ] in high purity and without the consumption of precious metals.
While 1 [Mg 2+ ] meets the basic electrochemical requirements to enable the discovery of novel cathode materials that will result in the development of high capacity Mg batteries, cluster 1 is rather expensive to produce and requires the use of toxic cyanide as well as pyrophoric Na metal. ] precipitates from the THF solution and can be collected by filtration or extraction with DME. The structure of 2 [Mg 2+ ] was unambiguously confirmed by a single crystal X-ray diffraction study. In the solid state the Mg 2+ ion is coordinated by three chelating DME molecules and the two carborane counteranions do not interact with the metal center ( Fig. 1) ] via cation reduction. ] with 3 coordinated DME molecules to the Mg cation. Hydrogen atoms omitted for clarity (color code: brown = boron; red = oxygen; green = Mg; grey = carbon). ] is air/ H 2 O stable and non-corrosive. After 30 cycles in the Mg-Mo 6 S 8 coin cell, no pitting was observed on the SS casing surface via scanning electron microscopy (SEM) as shown in Fig. 4 . Elemental analysis by energy-dispersive X-ray spectroscopy (EDX) also demonstrated almost identical elemental contents on the SS surface before and after battery cycling. This manuscript introduces a new paradigm in the development of Mg batteries, by showing that closo-carborane anions having less than 12 vertices are enabling electrolytes. These 10-vertex anions are less expensive to produce than their larger cousins and thus should be more amenable to commercialization if high capacity secondary Mg batteries are realized. We are currently developing a library of chemically modified clusters 1 and 2 that feature improved chemical properties as well as attempting to identify novel high capacity and high voltage cathode materials for Mg batteries.
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1 R. V. Noorden, Nature, 2014, 507, 26. mmol) in a minimal amount of THF (5mL) and the resulting suspension was stirred for 1 hr. After 1 hr, additional THF (30mL) was added and the suspension was left to stir for 24 hours. The THF solution was then filtered through a medium porosity fritted funnel.
The collected precipitate of white powder and excess magnesium was washed with DME, dissolving the white powder of the collected precipitate. Unreacted magnesium powder was collected and reused. The DME solvent was removed under high vacuum, resulting in compound 2[Mg +2 ] as a white powder in 91% yield (4.1g 9.37 mmol). Once dried, compound 2[Mg +2 ] is only soluble in DME at cold temperatures -30°C (Note: Mg 2+
counter cation is coordinated to three DME molecules). This reaction is monitored by using 1 H NMR by the disappearance of trimethyl ammonium counter cation peak at = 
X-Ray Structure Determination
A colorless prism fragment (0.495 x 0.247 x 0.202 mm3) was used for the single crystal x-ray diffraction study of [C4H10O2]3Mg2+.2[CH10B9]-(sample vL170SM_0m). The crystal was coated with paratone oil and mounted on to a cryo-loop glass fiber. X-ray intensity data were collected at 100(2) K on a Bruker APEX2 (ref. 1) platform-CCD xray diffractometer system (fine focus Mo-radiation, λ = 0.71073 Å, 50KV/30mA power). The CCD detector was placed at a distance of 5.0600 cm from the crystal.
A total of 3600 frames were collected for a sphere of reflections (with scan width of 0.3o in ω, starting ω and 2θ angles of -30o, and φ angles of 0o, 90o, 120o, 180o, 240o, and 270o for every 600 frames, 10 sec/frame exposure time). The frames were integrated using the Bruker SAINT software package (ref.
2) and using a narrow-frame integration algorithm. Based on a orthorhombic crystal system, the integrated frames yielded a total of 75989 reflections at a maximum 2θ angle of 61.996 (0.69 Å resolution), of which 10124 were independent reflections (Rint = 0.0484, Rsig = 0.0306, redundancy = 7.5, completeness = 100%) and 9094 (89.8%) reflections were greater than 2σ(I). The unit cell parameters were, a = 20.7310(10) Å, b = 10.6782(5) Å, c = 14.3738(7) Å, α = β = γ = 90o, V = 3181.9(3) Å3, Z = 4, calculated density Dc = 1.114 g/cm3. Absorption corrections were applied (absorption coefficient μ = 0.084 mm-1; max/min transmission = 0.983/0.959) to the raw intensity data using the SADABS program (ref.
3).
The Bruker SHELXTL software package (ref. 4) was used for phase determination and structure refinement. The distribution of intensities (E2-1 = 0.762) and systematic absent reflections indicated two possible space groups, Pna2(1) and Pnma. The space group Pna2(1) (#33) was later determined to be correct. Direct methods of phase determination followed by two Fourier cycles of refinement led to an electron density map from which most of the non-hydrogen atoms were identified in the asymmetric unit of the unit cell.
With subsequent isotropic refinement, all of the non-hydrogen atoms were identified. There was one cation of [C4H10O2]3Mg2+ and two anions of [CH10B9]-present in the asymmetric unit of the unit cell.
Atomic coordinates, isotropic and anisotropic displacement parameters of all the nonhydrogen atoms were refined by means of a full matrix least-squares procedure on F2. The H-atoms were included in the refinement in calculated positions riding on the atoms to which they were attached, except the H-atoms of the two CH-group of the carboranes were refined unrestrained. The refinement converged at R1 = 0.0353, wR2 = 0.0811, with intensity I>2σ (I). Absolute structure parameter cannot be reliably determined because no heavy atom is present in the structure. The largest peak/hole in the final difference map was 0.223/-0.157 e/Å3. (2) 3700 (1) 2822 (2) 1569 (1) 21(1) C (3) 4237 (1) 2219 (2) 2109 (1) 21(1) O (2) 3967 (1) 1138 (1) 2571 (1) 20(1) C (4) 4383 (1) 667 (2) 3296 (1) 24(1) C (5) 3035 ( (6) 3458(1) -2444 (2) 2022 (1) 22(1) C (7) 3947(1) -2042 (2) 1313 (1) 23 (1) O (4) 3722(1) -878(1) 917 (1) 21(1) C (8) 4046(1) -570 (2) 62 (1) 28(1) C (9) 2215(1) -794 (2) 374 (1) 25(1) O (5) 2351(1) -216(1) 1257 (1) 19(1) C (10) 1794(1) 415(2) 1637(1) 23(1) C (11) 1911 (1) 627(2) 2653(1) 24(1) O (6) 2567 (1) 1053 (1) 2766 (1) 18(1) C (12) 2647(1) 1759(2) 3610(1) 28(1) C (1A) 898(1) 6609(2) 1744(1) 20(1) B (2A) 695(1) 5183(2) 1572(1) 22(1) B (3A) 1303 (1) 6036(2) 893(1) 
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Ionic Conductivity
Experimental: Conductivity of the electrolyte was measured using an electrochemical cell with two symmetric Pt film-electrodes. Potentiostatic EIS program from Gamry reference 1000 potentiostat was used to measure the impedance across the cell for each concentration. Conductivity was calculated by using the following equation = where is the conductivity, l is the distance between the electrodes, A is the cross sectional area and R is the resistance. The cell was calibrated using standard aqueous KCl solution. 
Electrochemical performance of Mg-Mo 6 S 8 Cells
Experimental: Mg-ion battery performances were demonstrated with coin cells (CR2032) with Mg anode and Chevrel phase Mo 6 S 8 cathode using 0.45 M Mg(CB 9 H 9 ) 2 in G4. The electrochemical performance of the Mg vs. Mo 6 S 8 battery was tested in 4 cells, and the capacity data are consistent with +-10% error. Chevrel phase Mo 6 S 8 was prepared with a method previously established by Aurbach et.al [5] , Mo 6 S 8 electrodes were prepared by mixing 70wt% active material, 20% carbon black and 10% polyvinylidene fluoride (PVDF) in N-methyl-2-pyrrolidone (NMP). The mixed paste was then applied as a thin uniform coating on a Ni foil and then dried in a vacuum oven overnight at 50 C. Cells were assembled in an argon filled glovebox. 6mm diameter disc of Mo 6 S 8 coating on Ni foil were punched out as the cathode and placed on the bottom base of the CR2032 coin cells, 40µl of the Mg(CB 9 H 9 ) 2 in G4 was pippetted onto the cathode. A polypropelene seperator was carefully placed over the cathode and 60µl electrolyte was added (total of 100 µl) to wet the seperator surface. A polished Mg disc of 6mm in diameter was placed on the wetted seperator the cell was then filled with two spacers and a washer to fill the base, the top cap was then placed on the top and the cell was hydraulically pressed to seal the cell. 
